Specific activation of ERK pathways by chitin oligosaccharides in embryonic zebrafish cell lines.
Chitin oligosaccharides (COs) play a role in plant development and are presumed to affect body plan formation during vertebrate embryogenesis. The mechanisms of COs recognition and cellular processes underlying embryonic development are still not understood. We analyze the possible link with the mitogen-activated protein kinase pathway that is conserved in evolution through the plant and animal kingdom and has been implicated in diverse cellular processes, including cell growth, proliferation, differentiation, survival, and vertebrate development. We show that in vivo stimulation of embryonic zebrafish cells ZF13 and ZF29 with chitin tetrasaccharides at 10-9 M concentration transiently induced activation/phosphorylation of extracellular regulated kinases (ERKs), with a maximum after 15 min. Furthermore the biological specificity of chitin tetrasaccharides and various derivatives was examined. The replacement of one or two GlcNAc residues of the chitin backbone by glucose and fucosylation of chitin tetrasaccharides at the reducing terminus caused a complete loss of their activity. We also tested a chitin tetrasaccharide analogue in which the oxygen atoms in glycosidic linkages were replaced by sulfur atoms. This analog, which could not be enzymatically hydrolyzed, was as potent an inducer as chitin tetrasaccharide. These results suggest that the observed activation of ERKs is chitin tetrasaccharide-specific and does not require further enzymatic processing. We examined possible signaling pathways leading to ERK activation by COs by use of phosphospecific antibodies and inhibitors. We conclude that a high-affinity CO receptor system exists that links to the Raf, MEK, and ERK pathway in zebrafish cells.